Norwegian railways experienced a steady decline in punctuality during the period 2007-2010. This paper briefly discusses the concept of train punctuality, influencing factors on punctuality, and investigates relationship between punctuality and weather factors on Norwegian railways by analysing data for the period 2007-2010. This study is particularly interested in data from the Oslo area, namely the section between Drammen and Eidsvoll, a stretch that has many travellers and affects all the train companies involved in the study. The analyses are based on data concerning punctuality and potential weather factors that are likely to influence punctuality. Data are studied on a weekly basis, and correlation and regression analyses are carried out. The results show that the influence of a harsh winter with extreme cold days on punctuality is strong and their correlation is statistically significant. The contribution of this paper lies within research on the empirical study of delay causes in the railway industry.
Introduction

Punctuality
Punctuality is one of the main quality factors in the railways industry (Palmqvist et al. 2017 , Parbo et al. 2013 . A reliable service must be delivered in order to maintain the success and competitiveness of railway systems.
Punctuality has a significant effect on the satisfaction of railway customers (Veiseth et al. 2011 , Harris et al. 2016 , Norheim and Ruud, 2011 . Customers value the punctuality of railway services highly (Andersson, 2014, Coulombel and de Palma, 2014) . They will revert to cars if the reliability of public transport, including the railways, is not satisfactory (Beirao and Cabral, 2007) . Li et al. (2010) have found that travellers are keen to pay higher rates in exchange for more travel time punctuality.
According to Hansen (2001) , punctuality is defined as the percentage of trains arriving or departing a specified point at a particular time. Olsson and Haugland (2004) define train punctuality as the associated deviation, majorly negative, from the defined timetable. In practice, this predefined time is different from country to country, and also for different types of transport services. In Norway, a train is considered punctual if it arrives at its destination with less than 4 minutes (3 minutes and 59 seconds) delay for local trains and less than 6 minutes (5 minutes and 59 seconds) delay for long distance trains. Olsson and Haugland (2004) performed a study on the Norwegian railways and found that the number of travellers, the load factor of the trains, and the departure punctuality were the factors with the strongest correlation to delays and punctuality. Jiang et al. (2010) studied the factors that may affect train punctuality for the Chinese high speed railways. They found that the main causes of train delays are attributed to locomotive/train factors, railway factors, and signal system factors. Ceder and Hassold (2015) studied the influencing factors for unreliability of the rail network in New Zealand. They identified that a heavy passenger load often causes increased dwell times, and is the main issue for delays in New Zealand. There are few studies investigating the influence of weather factors on punctuality. Xia et al. (2013) highlighted how weather conditions such as snow, precipitation, wind and temperature can result in disturbances in infrastructure and affect performance of the train operator in the Dutch railway network. Ludvigsen and Klaeboe (2014) described how 2010 winter weather caused very severe delays for rail transport in Norway, Sweden, Switzerland and Poland. During the winter of 2009/2010, many problems occurred following the snowy and cold weather. Eleven countries experienced rolling stock problems ranging from coupler problem to trains picking up ballast which damaged underframe equipment. Amongst these countries, Norwegian trains experienced problems with the central coupling, heating, ventilation, and air conditioning systems and toilets freezing (Enno Wiebe, 2010) . A problem often encountered by Norwegian freight operators is the wheel wearing during winter. For example, more than 2,000 wheels had to be reprofiled during winter 2010/2011 which represents more than one-fourth of all wheels. The reason why the wheels are wearing faster is the low temperature which increases the tensile stress on the steel. Sweden also experienced severe problems in 2009/2010 with an increase of 150% in cancelled trains. One of the major problems was the 30 tonne ice build-ups on the overhead wire from Göteborg to Stockholm (Enno Wiebe, 2010) . The delays were double those of a normal winter, estimated to have a socio-economic cost of SEK 3 billion. An estimated investment of SEK 410 to 450 million would have decreased half of the delay, bringing it back to a normal winter situation (Szafránski, 2011 , Andersson, 2010 .
Previous studies on influencing factors of delay and low punctuality
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It is important to study the Oslo area for rail traffic because a large number of trains transporting the majority of travellers run through the Oslo area, and the train traffic in most parts of the country are influenced by train traffic in the Oslo area. Several analyses focus on the section between Drammen and Eidsvoll, a line that has high number of trains and travellers and that affects all the train companies that are involved in the study. The line passes through Oslo airport Gardermoen and Oslo central station. The simultaneous occurrence of a high number of extreme cold days, and low punctuality performance in some winters, may be an indication of the existence of a relationship between low temperature and low punctuality.
The main aim of this article is to investigate the effect of weather conditions on the performance of the Norwegian railway system.
Data
The data for this study were collected for the lines Drammen-Eidsvoll. The travel time for regional trains from Drammen to Oslo Central Station is 36 minutes, while the travel time from Oslo to Eidsvoll is 34 minutes. The majority of the line is on crowded double track (where formal capacity use is above 100% during peak hours). Data were studied on a weekly basis, and regression and correlation analyses were carried out.
The data used for the analyses can be categorized as:
 Aggregated punctuality or total number of arrival punctuality. This is a collocated measurement that shows the overall quality of the railway system delivery.  Weather factors that may affect train traffic.
The analyses are based on data assumed to be relevant for delay and low punctuality, together with causes and potential explanatory factors. The punctuality data have been placed against the weather variables (explanatory factors) to uncover correlations and causes. Table 1 illustrates the variables that are used for the analyses. The variables were selected due to their proven effect on punctuality (based on previous studies) as well as data availability. In this study punctuality is considered as a dependent variable and the assumed drivers of low punctuality (weather factors) are treated as independent variables. 
Results and discussion
We based our analyses on recognized statistical methods, primarily correlation and regression analyses, as shown in the following tables. We calculated the correlation coefficients (Pearson product-moment correlation coefficients) between the performance of the railway system expressed by punctuality and assumed drivers of low punctuality for the years 2007, 2008, 2009, and 2010 . In the following, we will present the descriptive results for their relationships. It is expected that the drivers of low punctuality result in a reduction of the number of trains that arrive on time at their final destination, so punctuality and the drivers of low punctuality are expected to be related by negative correlation coefficients.
The relationship between punctuality and the number of days with a temperature below −7°C has been analysed. We found a correlation of −0.42 and −0.25 (significant at 0.000) for the local passenger and airport express trains, respectively. The correlation coefficient for each year separately was also calculated. For local passenger trains, we found correlation coefficients of −0.32 (significant at 0.02) for 2007, 0.21 (not significant (ns)) for 2008, −0.4 (significant at 0.000) for 2009, and −0.55 (significant at 0.000) for 2010. As shown in Table 2 , a similar pattern of results with slightly different correlation coefficients was obtained for the airport express trains.
There is no week in winter 2007 and 2008, and only one week in 2009, with extremely low temperatures (below −15°C), while winter 2010 experienced 7 weeks with extreme cold temperature. Therefore, the correlation between low punctuality and number of days with temperatures below −15°C was only calculated for 2010. We found a correlation of −0.66 and −0.56 (significant at 0.000) for the local passenger and airport express trains, respectively. Results indicate that punctuality correlates very closely with the number of extreme cold days (temperature below −15°C) such that punctuality is reduced as the number of cold days increases.
In a similar way as the relationship between punctuality and number of days with low temperature was analysed, the correlation between punctuality and number of days with snow depth above 15 cm was calculated. A correlation (significant at 0.000) of −0.37 was found for local passenger trains for the whole period (2007 to 2010 Similarly, the relationship between punctuality and number of days with snow depth above 30 cm was analysed for the whole period (2007 to 2010). We found a significant correlation (significant at 0.000) of −0.37 and −0.3 for the local passenger and airport express trains, respectively. For both local passenger and airport express trains the correlation coefficients for the years 2007 and 2008 appeared to be small and not statistically significant. In 2009, we obtained a partial correlation coefficient of −0.3 (significant at 0.02) and −0.34 (significant at 0.01) for local passenger and airport express trains, respectively. In 2010, we found that punctuality and number of days (snow depth above 30 cm) were significantly correlated for both local passenger (r= 0.53, significant at 0.000) and airport express trains (r= 0.56, significant at 0.000).
To further study the relationship between punctuality (dependent variable) and assumed drivers of low punctuality (independent variables), regression models were developed for the overall period 2007-2010 and the year 2010.
Weather indicators, such as number of days with temperature less than −15°C and number of days with snow depth above 30 cm, which were found to have the strongest relationship with punctuality (according to correlation analysis) were selected to be used in the regression model. Table 3 summarizes results using multiple linear regression analysis.
The regression model of punctuality attributed to local passenger trains resulted in a significant correlation (regression fit) of 0.28 for the period 2007-2010. The fit of the regression models for airport express trains is slightly lower than that of the airport express trains (R 2 of 0.13). The new regression model applying the identical set of independent variables for the year 2010 resulted in significant fits of 0.51 and 0.44 for local passenger and airport express trains, respectively. It was observed that low temperatures (number of days colder than −15°C and number of days with snow depth more than 30 cm) were significant in all models. Table 3 . Regression models for punctuality. Variables statistically significant at the 0,01-level are marked by a triple asterisk (***), variables statistically significant at the 0.05-level marked by a double asterisk (**).
Constant
Weather R 2 of model The correlation and regression results in this study confirmed that punctuality has been negatively influenced during cold winters, as was the case for the winters of 2007, 2009, and 2010 , while the punctuality during the winter of 2008 was not affected since it was a mild winter. This paper also found that there is a stronger correlation between weather factors and low punctuality during harsh winters with extreme cold days (temperature below −15°C and snow depth above 30 cm) compared to normal winters. It was also found that the relationship between low temperature and punctuality correlates to a higher degree than the relationship between snow depth and punctuality.
Considering extreme cold winters which have temperatures below −15°C or snow depth above 30 cm, we found the year 2010 (which had 7 weeks with average temperature > −15°C and 14 weeks with snow depth > 30 cm) was the coldest winter in the period 2007-2010. Based on the regression results in this study, we found that cold weather explains 51% of the variation in punctuality in 2010.
It is important to note that besides weather factors, there are other important factors that can influence the punctuality of trains. Since the occurrence of extreme weather is inevitable and railway systems are sensitive to weather conditions, the success and performance of train operators can be affected by harsh weather. It is necessary for operators in the railways industry to be aware of weather forecasts for extreme weather conditions, have an overall view of the situation, and put the required preparations into practice in order to tackle the negative influence of harsh weather conditions and prevent significant loss of punctuality. Possible actions might include frequent removal of snow and ice from the railway network, using electric heating for switches and crossings, and considering extra capacity for infrastructure managers to replace broken units and maintain the track, which is more vulnerable in cold temperature (Ludvigsen and Klaboe, 2014, Szafránski, 2011) .
Conclusion
In this study, we investigated the relationship between weather factors (temperature and snow depth) and the punctuality of trains in the Oslo area. The correlation and regression results indicate that the influence of a harsh winter, with extreme cold days (with temperature below −15°C and snow depth above 30 cm), on punctuality is strong and they are significantly correlated. Therefore, it can be concluded that a severe winter is a key driver for low punctuality. It has been widely assumed that weather variables have a large impact on low punctuality, but this has been documented to a lesser extent scientifically.
For the further development of this research, we suggest investigating the relationship between weather and the accumulation of delay (referred to as the delay hour) which is also a measure of the quality of train services.
